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High-resolution magnetostriction measurement of ∆L/L ∼ 10−6 at a speed of 5 MHz is performed,
using optical filter method as the detection scheme for the fiber Bragg grating (FBG) based strain
monitor is performed under 35-millisecond pulsed high magnetic fields up to 45 T at 2.2 K. The
resolution of magnetostriction is about the same order as the conventionally reported value from
FBG based magnetostriction measurement systems for millisecond pulsed magnetic fields. The
measurement speed is ∼100 times the conventional ones. Present system can be a faster alternative
for the conventional FBG based magnetostriction measurement system for millisecond pulsed high
magnetic fields.
Various materials have been found to undergo interesting
phase transitions in presence of high magnetic fields, in most
cases, accompanied by modification of their crystal structure
due to spin-lattice coupling. Examples of such modifications
are the exchange striction of magnetic insulators, volume ex-
pansion by valence or spin state transition, magnetic anisotropy
through spin-orbit coupling, and so forth. Therefore, for gain-
ing insights into the spin-lattice coupling itself and to detect
novel phase changes, magnetostriction measurement at high
magnetic fields is indispensable.
Magnetostriction is measured using variety of methods. Re-
sistive strain gauge, capacitance dilatometory,1 scanning tun-
neling microscopy2 and fiber Bragg grating (FBG)3 measures
magnetostriction with a resolution of ∆L/L < 10−8 under
static magnetic fields. However, under pulsed high magnetic
fields, the resolution generally gets poorer (∆L/L > 10−6) due
to the limited time and space, and noises from mechanical and
electrical origin.3–5
FBG is an optical single mode fiber with a Bragg grating at
its core with axial length of a few millimeters, enabling us to
detect the fine strain ∆L/L of material glued to the FBG fiber.
This is achieved by detecting the change in the Bragg wave-
length , which is directly proportional to the strain as given by
the relation ∆λB/λB ∝ ∆L/L. FBG based magnetostriction
measurement has been reported to be extremely feasible with
pulsed high magnetic fields,3,5–7 owing to the following facts,
(a) it is immune to electric noise, (b) the high-quality of the
commercially available products, (c) it consumes only small
volume and small samples are measurable, and (d) absolute
value of strain is obtained directly without calibration.
Detection of ∆λB/λB depends on high-speed InGaAs spec-
trometers with broadband light sources in the conventionally
reportedmagnetostriction systems formillisecond-pulsed high
magnetic fields.3,5 The resolution and the speed of the mea-
surement is limited by the specification of the detectors, which
is reported to be ∆L/L < 1 × 10−6 at ∼ 50 kHz. On the
other hand, optical filter method has been reported to real-
ize high-speed response of FBG based strain monitor as an
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FIG. 1. (a) Schematic drawing of the devised FBG based strain mea-
surement system in the high-resolution mode. Light from the broad
band light source is filtered with an optical filter. The filtered light
illuminates the FBG whose reflection is detected with an avalanche
photodiode. (b) A spectrum illustrating output of the optical filter
method for the FBG based strain measurement. The change of Bragg
wavelength of the FBG ∆λB is converted to ∆I using the optical filter.
The change of the intensity of the reflection originates in the shift of
wavelength, ∆λB.
alternative method to the spectroscopic method.8 In optical
filter method, as schematically shown in Fig. 1(a) and 1(b),
the shift of the FBG peak position ∆λB is converted to the
intensity of the reflected light ∆I, which is detected with pho-
toreceivers. We have earlier devised a high-speed 100 MHz
strainmonitor with the optical filter methodwith the resolution
of∆L/L ∼ 1×10−4.9 We showed its feasibility under ultrahigh
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FIG. 2. (a) A photo of a single crystalline sample of volborthite
on top of which an optical fiber with FBG is glued using acrylic
type glue. The axis of the optical fiber, external magnetic field, and
the crystallographic b axis of volborthite orient in the same direction
as shown by the arrow in the picture. (b) Transmittance spectrum
of the optical filter used in the optical filter method. (c) Spectra of
reflected light from FBG under various conditions as is indicated in
the legend. All spectra are measured with an infrared spectrometer
except for spectrum (2) which is measured using an optical spectrum
analyzer (OSA) shown for comparison.
magnetic fields of up to 150 T that can be generated only with
destructive pulse magnets whose time duration is limited to a
few microseconds.10
In this note, we show a high resolution magnetostriction
measurement of ∆L/L ∼ 1 × 10−6 at a speed of 5 MHz using
the optical filter method for the FBG based magnetostriction
measurement system. The method is shown to be quite useful
with millisecond-pulsed high magnetic fields. As a working
example, a magnetostriction measurement of volborthite, a
two-dimensional (2D) quantum magnet, is shown at 2.2 K in
fields up to 45 T, which is compared with the magnetization.
Thus, the optical filter method is shown to be a faster alterna-
tive for the conventional detection scheme for the FBG based
magnetostriction measurement system for millisecond pulsed
high magnetic fields.
The schematic diagram of a FBG based magnetostriction
measurement system using optical filter method is shown in
Fig. 1(a). Light from the broadband light source is the ampli-
fied stimulated emission (ASE) light source (Amonics C-Band
ASE Light Source ALS-15-B-FA). The light source is filtered
with a sharp optical filter (Koshin Kogaku 1560SPF) installed
in a tunable filter module (Koshin Kogaku TFM/FC). The fil-
tered light illuminates the FBG on which the sample is glued.
The reflection from the FBG is guided with an optical circula-
tor and detected with an avalanche photodiode (APD) (Thorlab
PDA20C/M) at 5 MHz.
To demonstrate the resolution of the magnetostriction mea-
sured with the developed FBG based measurement in opti-
cal filter method, longitudinal magnetostriction of volborthite,
Cu3V2O7(OH)2·2H2O, is measured. Note that the linearity
and precision of strain measured using FBG5 in the optical
filter method have already been confirmed in earlier studies.8
Volborthite is a geometrically frustrated 2D quantum spin sys-
tem on a deformed Kagomé lattice.11 We chose this sample
because the magnetostriction of inorganic quantum spin sys-
tem is significant and informative. Firstly, it is expected to
be so small that almost no studies on magnetostriction of
this quantum spin system has been reported in the range of
∆L/L ∼ 10−6. Secondly, it is directly connected with its spin
correlation function which is inaccessible with other methods
at such high magnetic fields.12 Pulsed high-field facility in
ISSP, UTokyo is used for magntic field generations.
In the case of volborthite, the bare optical fiber with FBG is
glued to a single crystalline sample using an acrylic type glue.
Sample geometry is 4×0.4×0.2 mm3 and the glass fiber with
FBGhas a diameter of 120 µmas shown in Fig. 2(a). Themag-
netostriction measurement is successful with this gluing con-
dition. In general, valid glueing conditions may vary between
samples, sample dimensions, and surface conditions. Epoxy
type glues work best in our experience. However, acrylic type
glues is also useful in the sense that it is removable and that the
FBG and the sample are reusable after the experiment unlike
when using the epoxy type glues. Our current strategy is that
we first try to use the acrylic type glue, cool it down to liquid
He temperature, and then apply the pulsed magnetic field. If
it fails somewhere in the process, we try with a stronger epoxy
glue in the next time.
In Figs. 2(b) and 2(c), transmittance spectrum of the optical
filter and spectra of the reflection from the FBG are shown,
respectively. The FBG used has a resonance peak at 1560 nm
at room temperature. It remains the same after the FBG is
glued to a sample of volborthite. It shows a blue shift after
being cooled down to 4.2 K. Note that the yield of the blue
shift is significantly larger for FBG with the sample as shown
in the spectrum (4) in Fig. 2(c) compared to that without the
sample as shown in the spectrum (3) in Fig. 2(c). The tailing
structure of the spectrum shown in the spectrum (4) Fig. 2(c)
should originate due to the fact that the FBG is a bit longer
(∼ 4mm) than the sample (∼ 2.5mm) in the present case. The
tailing structure does not affect the measurement because it is
eliminated by the optical filter inserted next to the light source
as is clear from Fig. 2(c) whose transmittance spectrum is
shown in Fig. 2(b). The central position of the optical filter
is adjustable with the tunable optical filter module and it is
positioned such that the FBG peak position is located at the
transmittance of 0.5. With that configuration, one is able to
detect elongation and contraction of the sample as the intensity
of the reflected light decreased and increased, respectively.
In Fig. 3, results of magnetostriction measurement of vol-
borthite at 2.2 K are shown. Figure 3(a) and 3(b) show the time
evolution of the intensity of the reflected light from the FBG
and the pulsed magnetic field of up to 45 T with 35 ms time
duration, respectively, the former of which is proportional to
magnetstriction in the present method as shown in Fig. 1(b).
The intensity of reflected light increases with increasing mag-
netic field and becomes static for magnetic fields larger than
∼ 30 T. The increase of the intensity of the reflected light in-
dicates that the sample shrinks under magnetic fields within
the present configuration of the optical filter as shown in Fig.
1(b). The intensity of reflected light decreases on decreasing
the magnetic field and returns to the original intensity after the
external magnetic field is removed.
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FIG. 3. (a) Time evolution of the intensity change of the reflected
light from the FBG. (b) The waveform of a pulsed high magnetic field
with a 35 ms time duration. (c) Longitudinal magnetostriction of vol-
borthite deduced using the data in (a). Inset shows the magnification
of the magnetostriction at the 1/3 magnetization plateau region. (d)
The magnetization curve of volborthite.13
In Fig. 3(c), longitudinal magnetostriction of volborthite at
2.2 K up to 45 T is shown, which is deduced using the data in
Figs. 3(a) and 3(b). The absolute value of magnetostriction is
deduced by a simple form, ∆L/L = c1∆λB/λB and ∆λB/λB =
c2∆IR/IR, where c1 is a strain-optic collection term,5 IR is the
intensity of the reflected light and c2 is the conversion ratio of
the intensity and λB of the FBG. Values of c1 = 1.3165 and
c2 = 1/3000 are used in the present study. The conversion
ratio of the optical filter c2 can be varied by using different
optical filters, resulting in the variation of the resolution and
the dynamic range of measurable ∆L/L.9,14
The obtained ∆L/L of volborthite shown in Fig. 3(c) is
compared with the magnetization curve at 1.4 K as shown in
Fig. 3(d).13 ∆L/L shows a gentle decrease in the region of 0
T to 22 T, a steep decrease in the region of 22 T to 29 T and
a plateau above 29 T. The resultant resolution of the measure-
ment is ∼ 1×10−6 at 5 MHz as shown in the inset in Fig. 3(c).
On the other hand, the magnetization of volborthite starts to
increase from 0 T with increasing magnetic field. A relatively
steep increase is observed from∼ 22 T to∼ 29 T and it enters a
1/3magnetization plateau at∼ 29Twhich continues at least up
to ∼ 75 T.11 We find that the trend of the magnetization curve
is in good agreement with the magnetostriction observed in the
present study. The ∆L/L variation is in even better agreement
with theM1.3 curve (not shown). The contraction of the lattice
with increasing magnetization is considered to originate in the
decreasing Cu-O-Cu bond angle that enhances the ferromag-
netic superexchange interaction as also discussed in the case
of SrCu(BO3)2.15 Detailed discussion of the results will be
reported elsewhere.
In summary, we show a high resolution magnetostriction
measurement of ∆L/L ∼ 1 × 10−6 at 5 MHz with the FBG
based magnetostriction measurement in optical filter method
which operates under millisecond pulsed high magnetic fields.
Magnetostriction measurement of a frustrated 2D quantum
magnet, volborthite, up to 45 T at 2.2 K is presented as a
working example. Thus, the optical filter method is shown to
be a faster alternative for the conventional detection scheme
for the FBG based magnetostriction measurement system for
millisecond pulsed high magnetic fields.
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